チカングン ノ キョウヤクグン ケイサン ノ コウソクカ COMPUTER ALGEBRA DESIGN OF ALGORITHMS IMPLEMENTATIONS AND APPLICATIONS by 宮本, 泉
Title置換群の共役群計算の高速化 (Computer Algebra : Designof Algorithms, Implementations and Applications)
Author(s)宮本, 泉











$G$ : $\Omega$ $H,$ $K$ : $G$. $H$ $G$ Norm $(G, H)=\{g\in G|\Gamma^{1}Hg=H\}$
. $H$ $K$ $G$ $g^{-1}Hg=K$ for some $g\in G$
Cannon-Holt: “The transitive groups of degree 32” (2008.12)
Computing normalisers and testing conjugacy of subgroups are notoriously difficult problem
















$\{\Omega_{1}, \Omega_{2}, \cdots\Omega_{d}\}$ :
$H\subseteq W=Sym(\Omega_{1})lSym(d),$ $K\subseteq W’=Sym(\Omega_{1}’)|Sym(d)$
Step 1. $g^{-1}Wg=W’\Leftrightarrow\{\Omega_{1}^{g}, \Omega_{2}^{g}, \cdots\Omega_{d}^{g}\}=\{\Omega_{1}’, \Omega_{2}’, \cdots\Omega_{d}’\}$
Step 2. $\exists?h\in W’$ such that $h^{-1}g^{-1}Hgh=K$





1. $Ker(H)=H\cap Sym(t)^{d}$ . . .
“ ’ (Leon)
2. $Im(H)=HSym(t)^{d}/Sym(t)^{d}$ . . . $d$
3. $\exists?g\in$ $P$ relmage(Norm(Sym(d), $Im(H)$ )) such that $g^{-1}Hg=K$
$|\Omega_{1}|=2$ $H\subseteq W\cap W’$ Cannon-Holt
3
$(\Omega, \{R_{i}\}_{i=0,1,2,\cdots,d})$
$R_{i}=$ $H$ $\Omega\cross\Omega$ orbit
$\Omega=\{1,2,3,4,5,6\},$ $H=Group((1,5,4)(2,6,3), (1,6,3,2,5,4))$
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$R_{0}=\{(1,1), (2,2), (3,3), (4,4), (5,5), (6,6)\},$
$R_{1}=\{(1,2), (2,1), (3,4), (4,3), (5,6), (6,5)\},$ $\Omega\cross\Omega$ orbit
$R_{2}=\{(1,3), (1,4), (2,3), (2,4), \cdots, (6,1), (6,2)\}$ , 4
$R_{3}=tR_{2}=\{(3,1), (4,1), (3,2), \cdots, (1,6), (2,6)\}$
$123456$









$A,$ $B$ : $H,$ $K$. $\exists$? $g$ such that $g^{-1}Ag=B$. $\exists?h\in Aut(B)$ such that $h^{-1}g^{-1}Hgh=K$
4
$H,$ $K$ : $\subseteq Sym(n)$ $A$
$G=Aut(A)\subseteq Sym(n)$ $g\in G$ such that $g^{-1}Hg=K$
1. $H$ $\Rightarrow\exists h\in H$ such that $(1^{h})^{g}=1\in\Omega$ $g\in G_{1}=\{x\in G|1^{x}=1\}$ ( 1 )
$\Gamma^{1}H_{1}g=K_{1}$
2. $G_{1}$ $H_{1}$ orbit $0_{1}$ $\exists h_{1}\in H_{1}$ such that $O_{1}\ni(2^{h_{1}})^{g}=2$






$H,$ $K$ 2 ( $\Rightarrow$ )
( $H$ 2 $\Leftrightarrow$ 1 $H_{1}=\{h\in H|1^{h}=1\}$ $\Omega\backslash \{1\}$ )
$H=Primit\dot{\ovalbox{\tt\small REJECT}}veGroup(31,10)=L(5,2)$
1. $H,$ $Sym(n)$ $\Rightarrow g\in Sym(n)$ such that $H^{g}=K$ $g\in Sym(n-1)$
2. $g’\in Sym(n-1)$ such that $g^{\prime-1}H_{1g’=K_{1}}$ (0.2 )
3. $H_{1},$ $Sym(n-1)$ $\Omega\backslash \{1\}$ $\Rightarrow g\in Sym(n-2)$
4. $g^{-1}(g^{\prime-1}H_{1g’)_{2g=K_{1,2}}}\Rightarrow g\in$Norm $(Sym(n-2), K_{1,2})$ (Norm-4.4 g-O. $O$ )
$\Rightarrow(g’g)^{-1}H(g’g)=K$
:RepresentativeAction$(Sym(31), H, K)$ ( $10$ )
4.1
2. Conj$AS$ $H$ $K$
$G$
$H$ $K$
$.$ ConjASB $\cdots$ Conj$AB$
$Im(H)$ $Im(K)$ $Im(G)$
$Ker(H)$ $Ker(K)$
Prelm $($ Norm $(Im(G),$ $Im(H)))\subseteq G$ $H$ $K$
5
32 http: $//$kissme shinshu-u acjp/as/
Example 5.1 $as32[38J$
$[[1,2,3,4], [5,6,7,8], \cdots, [29,30,31,32]]$




$N=Norm(G, Ker(H))\cap Prelm(Norm(Im(G), Im(H))$
$as32[38]$ ( )
$Im(H)=Im(K),$ $Ker(H)=Ker(K)$ $H$ $K$
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1. RepresentativeAction $(N, H, K)$ $\cdots$ GAP
2. Conj$AS(G, H, K)$
3. ConjASB$(G, H, K)$
4. RepresentativeAction $(G, H, K)$
$H,K$ , 2254 ( )
$N$




1.8.0 7.9 4.3 4.3 $\cdots$ , 4.0 (4.0 38 )
2.64 (2 ), 49 (2 ), 29 19 $\cdots$ (10 33 )
3.4.0 4.0 4.0 4.0 $\cdots$ , 3.8 (3.8 53 )
Example 5.2 as32[3] 2 4 11010048
$G=Aut(as32[3])$
as32[3] 2 4 11010048 ( )
Conj$AB$
1. $H$ $\Rightarrow\exists h\in H$ such that $(1^{h})^{g}=1\in\Omega$ $g\in G_{1}=\{x\in G|1^{x}=1\}$ ( 1 )
$|G:G_{1}|=32$ $g^{-1}H_{1}g=K_{1}$




3. $G_{1,2}$ $H_{1,2}$ orbit $O_{2}$ $|O_{2}|=3$ $\exists h_{2}\in H_{1,2}$ such that $O_{2}\ni(3^{h_{2}})^{g}=3$
$g\in G_{1,2,3}=\{x\in G_{1,2}|3^{x}=3\}$
$|G_{1,2}:G_{1,2,3}|=3$ $g^{-1}H_{1,2,3}g=K_{1,2,3}$
$\Rightarrow$ $G_{1,2,3}$ $=1651129712640(G$ $32\cross 28\cross 3$ 1 $)$
$(N$ $=18492652781568)$
GAP 32 : 27
$g\in$Random$(G),$ $G=Aut(as(H))$ Conj$AS(G, H, g^{-1}Hg)$
assoc. scheme
3920 270995 364979 1.35
$as32[4182]$ 118 39499 335 $*$
$*$ :
as[4182] 24 15817. 2. Index $|G$ : Norm $(G, H)|\leq 5000$ (
). $27$ :32 280 1/10
$arrow$ ( )
6




RepresentativeAction $(N, H, K)$ RepresentativeAction $(G, H, K)$
(Cannon-Holt ) $G$ $Ker(H)$ $Ker(K)$
$N=Norm$(Prelmage(Norm $(Im(G),$ $Im(H))$ ), $Ker(H)$ ) (
) $arrow$ ( )
.. ( ).




2. $G_{1}$ $H_{1}$ orbit $O_{1}$ $\exists h_{1}\in H_{1}$ such that $O_{1}\ni(2^{h_{1}})^{g}=2$
$g\in G_{1,2}=\{x\in G_{1}|2^{x}=2\}$
$g^{-1}H_{1,2}g=K_{1,2}$
3.
$G=Aut(A)$
42
